
r 
V 

I *  . 
. 

. . 
. -  

'I 

QUARTIJRLY PROGUSS REPORT NO. 2 

UPPER ATMOSPHERE CHEMICAL RELEASE STUDY 

(1  Sept - 30 Nov 6 4 )  

NASPJ-905 

Prepared by: Jerome Pressman 

GEOPHYSICS CORPORATION OF AMERICA 
Bedford, Massachusetts 

For 

National Aeronautics and Space Administration 
Washington, D.C.  

c 



I.  INTRODUCTION 

I n  t h i s  q u a r t e r l y ,  major emphasis has  passed on t o  t h e  experimental  

phase of t he  program. 

t h e  r e l evan t  d e t a i l s  of appropr i a t e  chemiluminescent r e a c t i o n ,  

Severa i  systems nave been cons t ruc ted  f o r  s tudying  

The chemiluminous t i t r a t i o n  of t he  upper atmosphere is an  important 

technique f o r  t he  e l u c i d a t i o n  o f  upper atmospheric parameters.  However, 

t h e r e  are only few s t u d i e s  (l-') of chemiluminescent r e a c t i o n s  which have 

been c a r r i e d  out  with t h i s  po in t  of  view. The prime r e q u i s i t e ,  from the  

p o i n t  of view of chemiluminous t i t r a t i o n  technique,  is  t o  observe the  

chemiluminescence under the  condi t ions  which are as c l o s e  as p o s s i b l e  

t o  t h a t  of t h e  upper atmosphere. 

s imultaneously s tud ied  v i t h  major r e a c t i v e  c o n s t i t u e n t s  of t he  upper 

atmosphere. We are, a t  present ,  explor ing  t h e  r e a c t i o n s  of d i f f e r e n t  

compounds wi th  atomic oxygen, ozone and atomic n i t rogen .  

11. EXPERIMENTAL APPARATUS 

Moreover, t h e  same t i t r a n t  should be 

TVO experimental  arrangements have been completed f o r  t h e  present  

s tudy:  

1, 

2. 

A. 

o f  t h e  

Medium Pressure  Floer Tube Apparatus .. f o r  surveying t h e  r e a c t i o n s  

of  d i  E f e r e n t  compounds. 

Low Pressu re  Apparatus - f o r  s tudying  t h e  l i g h t  emission e f f i c i e n c y  

of s u i t a b l e '  r eac t ions .  

MEDIUM PRESSURE FLOI? TUBE APPARATUS 

The apparatus  used i n  t h e  500p o r  h ighe r  p re s su re  reg ion  was 

f a s t  flow r e a c t i o n  tube type  and i s  shown i n  block diagramatic  

form i n  Fig. 1. 
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Using t h i s  system (with minor modi f ica t ions)  w e  could have: (1) 

atomic oxygen i n  t h e  presence of molecular oxygen from microtrave 

d ischarge  through pure oxygen, (2)  atomic oxygen with very l i t t l e  molecular 

oxygen by d ischarg ing  a S9:l mixture of argon and oxygen, (3) atomic 

oxygen i n  t h e  absence o f  molecular oxygen by d ischarg ing  n i t rogen  and 

t i t r a t i n g  t h e  N atoms thus  focused wi th  NO, (4) N-atoms from microwave 

d ischarge  through n i t rogen  and (5) ozone. The ozone was prepared from 

s i l e n t  d i scharge  through flowing oxygen a t  atmospheric p re s su re  and 

vas adsorbed on s i l i c a  g e l  a t  -60 C. Subsequently,  t h e  ozone system was 

connected with t h e  vacuum system and ozone vas desorbed a t  -30 C .  

0 

0 

B. LOW PRESSURE APPARATUS 

The system by which the  atomic spec ie s  and ozone are  produced 

i s  t h e  saile as descr ibed above. The r e a c t i o n  c e l l  was a 50-l i ter  3 necked 

Pyrex f l a s k  shown i n  Figure 2. It was con t inua l ly  evacuated by a l a r g e  

Welch mechanical pump (15 cf t /min)  and a n  N . R . C . 4  inch o i l  boos t e r  pump 

which has  a maximum pumping e f f i c i e n c y  between 1 and loop Hg. A l i q u i d  

n i t r o g e n  b a f f l e  was maintained between c e l l  and t h e  boos te r  pump. 

p re s su re  i n  the  c e l l  17as measured by a McLeod gauge. It 17as found t h a t  

no p res su re  grad ien t  ~7as  set  up i n  t h e  r e a c t i o n  c e l l  due t o  gas flows. 

I n  normal use t h e  c e l l  is  coated by a l a y e r  of  magnesium oxide i n  o rde r  

t o  inc rease  t h e  l i g h t  ga ther ing  e f f i c i ency .  

The 

C. EQUIPMENT 

The spectrum of the  chemiluminescent r a d i a t i o n  was recorded when 

p o s s i b l e  us ing  a Perlcin-Elmer s i n g l e  beam double pass spectrometer .  Back- 

ground no i se  was kept  t o  a minimum by chopping the  incoming l i g h t  beam 

on i t s  second pass  a t  a f ixed frequency of 13 cps. 
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The ac s i g n a l  r e s u l t i n g  

tuned t o  t h i s  frequency. 

a t  the d e t e c t o r  vas then  fed i n t o  a n  a m p l i f i e r  

The s p e c t r a  were recorded us ing  a Leeds and a 

Northrup 10 m i l l i v o l t  recorder .  The d e t e c t o r  used was a n  E.M.I. 9558 Q 

pho tomul t ip l i e r  tube  f i t t e d  with a q u a r t z  \rindow and S-20 response h i c h  

can  d e t e c t  i n  t h e  region .2500-7500A. 

t o  minimize e l e c t r i c a l  pick-up. 

0 
A s p e c i a l  p reampl i f i e r  vas used 

With t h e  low p res su re  apparatus ,  i t  i s  d e s i r a b l e  t o  measure the 

i n t e n s i t y  of t h e  o v e r - a l l  l i s h t  emission. These measurements are made 

wi th  e i t h e r  an  RCA 1P28 photomul t ip l ie r  tube (S5 cathode) o r  EM1 95534 

pho tomul t ip l i e r  (S-20 cathode) couple with a v i c to reen  microammeter. 

2 The flow rates of  atomic oxygen and n i t rogen  were determined by NO 

and NO t i t r a t i o n  methods. 

the flow of  d i f f e r e n t  gases. Fig, 3 shows the  arrangement used t o  c a l i b r a t e  

t h e  d i f f e r e n t  flow meters. The p a r t i a l  p ressure  of ozone vas measured 

from t h e  abso rp t ion  of  2536.5A Hg l i n e  through a 50 cm long tube with 

q u a r t z  windows. 

envelope 17as used. 

Cap i l l a ry  flow meters irere used f o r  monitoring 

For t h i s  purpose a "Spectrol ine" Mercury Lamp with q u a r t z  

111. EWERII4ENTAL RESULTS 

Seve ra l  compounds have been s e l e c t e d  f o r  i n v e s t i g a t i n g  t h e i r  

chemiluminescent r e a c t i o n s  with atomic oxygen, n i t rogen  and t h e  ozone 

molecule. Prel iminary observat ions have been obtained on t h e  r e a c t i o n s  

of ace ty lene  and boron t r i cho lo r ide .  

A, ACETYLENE 

The r e a c t i o n  of ace ty lene  .crith atomic oxygen has  p rev ious ly  

been s tudied(5)  i n  t h i s  laboratory.  

of t h e  chemiluminescent r e a c t i o n  of  ace ty l ene  v i t h  atomic ni t rogen.  

Kiess  e t  a l ( 6 )  have repor ted  t h e  spectrum 

5 
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Trjbie‘ 1 ishwse t h a  spe’otral features of the rsacti.ob. of ace ty lene .  with 

etodr: dtregea & etsmlc Q # Y ~ Q ~ L ~  

. 

The r e a c t i o n  of ozone v i t h  ace ty lene  was inves t iga t ed  a s  follows. 

F i r s t l y ,  ozone vas  reacted with NO and the  r e l a t i v e  f l o m  were ad jus ted  

t o  o b t a i n  t h e  maximum red glow of t he  chemiluminescent r e a c t i o n  of O3 with 

NO. The NO f 1 0 ~  vas stopped and then  ace ty lene  was introduced i n t o  system. 

The flow r a t e s  of ace ty lene  and ozone irere var ied .  It vas found t h a t  

under t h e  p r e s e n t  experimental  cond i t ions  no v i s i b l e  r a d i a t i o n  vas  observed 

due t o  the  r e a c t i o n  of acetylene with ozone. 

The s p e c t r a l  c h a r a c t e r i s t i c s  of t h e  r e a c t i o n  of ace ty l ene  with 

3 N, 0 and 0 are compared i n  Table 1. 

S p e c t r a l  
Fea ture  ( X , B >  

C2 Swan Bands 

(A5642 -4362) 

CH band (4300, 

3900 o r  3143) 

OH-Ultraviole t 

System (3063- 

2803) 

Continuum 

(6000-6500) 

CN Vio le t  System 

(4600-3600) 

CN Red System 

(5000-4370) 

TABLE 1 

Reaction with React ion  with React ion with 
0 -a t  o m  N-at oms O3 -molec u l e  

Observed 

Observed 

Ob s e r ved 

Observed 

Observed 

Observed 
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I n  the  absence of d e f i n i t e  understanding o f  t h e  mechanism f o r  

t h e  e x c i t a t i o n  of  s p e c t r a l  f e a t u r e s ,  we can roughly estimate t h e  chemi- 

luminous e f f i c i e n c y  of  a r eac t ion  a s  follows: 

I 
‘ImJ-Tq ’ - 

Cheniluminous e f f i c i e n c y  = 

where, I is t h e  o v e r a l l  i n t e n s i t y  of emission and [R1] and [R2] are t h e  

concen t r a t ion  of t h e  two r eac t an t s  i n  t h e  r e a c t i o n  chamber. Thus, the  

chemiluminous e f f i c i e n c y  of two r e a c t i o n s  can be  compared fro:n t h e  

comparison of  t h e  i n t e n s i t y  of r a d i a t i o n  emit ted under s imi l ia r  condi t ion ,  

i.e. p re s su re  and concent ra t ion  of r eac t an t s .  

From t h e  measurement of t he  i n t e n s i t y  of CN and CH bands, emit ted 

dur ing  t h e  r e a c t i o n  of ace ty lene  with N atoms and 0 atoms r e spec t ive ly ,  

we have found t h a t  under similar experimental  condi t ion ,  t h e  i n t e n s i t y  of 

CN bands is about s i x t y  times l e s s  than  t h a t  of CH bands. Since t h e  

concen t r a t ion  of the  n i t rogen  a t o m  is  lower than  t h a t  of  t h e  oxygen atoms 

i n  t h e  upper atmosphere, i t  may be concluded t h a t  the  chemiluminous r e a c t i o n  

of ace ty l ene  with n i t rogen  atoms should not apprec iab ly  a f f e c t  t h e  chemi- 

luminous t i t r a t i o n  of 0 atoms by acetylene.  

B. BORON TRICHLORIDE 

The r e a c t i o n  of  boron t r i c h l o r i d e  with atomic n i t rogen ,  oxygen 

and ozone was i nves t iga t ed .  

The n i t rogen  atoms were produced by t h e  usua l  method of microwave 

d ischarge  from commercial n i t rogen  v i t h o u t  p u r i f i c a t i o n .  

of N atoms i n  t h e  r e a c t i o n  tube vas about 1.5 cc/min. On in t roduc ing  t h e  

BCi vapor i n  t h e  r e a c t i o n  tube,  i t  was found t h a t  t h e  N2 a f t e r g l o w  was 

The flow rates 

3 
rep laced  by a f a i n t  green glow. - . L ’  
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I n  a d d i t i o n  t o  the  f a i n t  bands of N2 af terglow,  the  spectrum of the  glow 

produced by boron t r i c h l o r i d e  and a c t i v e  n i t rogen  c o n s i s t s  of  t h e  bands 

of Bo and BO2 molecules. Mulliken(’l) has a l s o  observed BO bands i n  t h e  

spectrum of the  glow produced by t h e  r e a c t i o n  of a c t i v e  n i t rogen  wi th  boron 

t r i c h l o r i d e .  It appears t h a t  t he  oxygen p resen t  a s  an  impuri ty  in t h e  

tank  n i t rogen  p lays  an  important r o l e  i n  t h e  e x c i t a t i o n  of t h e  chemilumi- 

nescence. Therefore ,  t he  r e a c t i o n  of BCB v i t h  atomic oxygen was 

inves t iga t ed .  

presence of molecular oxygen, t he  spectrum of t h e  glow c o n s i s t s  mainly 

of  BO bands toge the r  v i t h  a few f a i n t  bands of BO. However, t he  spectrum 

of the  glow produced by t he  r e a c t i o n  of boron t r i c h l o r i d e  v i t h  atomic 

oxygen i n  t h e  v i r t u a l  absence of molecular oxygen shows bands of BO2 and 

BO molecules. The r e l a t i v e  i n t e n s i t y  of t h e  BO bands i n  comparison with 

t h a t  of t he  BO2 is g r e a t e r  vhen molecular oxygen is  absent  t han  when i t  

i s  present .  

3 
In t h e  study of the r e a c t i o n  v i t h  atomic oxyzen i n  t h e  

2 

The 1011 i n t e n s i t y  of  t he  chemiluminescence produced i n  the  above 

r e a c t i o n s  requi red  a v ide  s l i t  o f  t h e  spectrometer  f o r  t he  record ing  of 

t h e  spectrum. Therefore,  t he  d e f i n i t e  i d e n t i f i c a t i o n  of a l l  t he  peaks 

recorded i n  t h e  s p e c t r a  was not poss ib le .  However, the  wavelength and 

t h e  r e l a t i v e  i n t e n s i t y  of the  peaks recorded i n  the  s p e c t r a  a r e  given i n  

Table 11. The t e n t a t i v e  i d e n t i f i c a t i o n  i s  also shown i n  the  same t a b l e .  

No v i s i b l e  chemiluniinescence was observed during t h e  r e a c t i o n  of 

boron t r i c h l o r i d e  with ozone. 

9 
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C. SURVEY OF CHEMILUMINOUS REACTIONS OF OZONE 

The r e a c t i o n s  of seve ra l  compounds wi th  ozone have been 

etirveyerl q tc !  500;; pressiire, i d L b  d i f f e r e n t  fiow r a t e s  of  ozone and o t h e r  

r e a c t a n t s ,  The r e a c t i o n s  of ozone with methyl ace ty lene ,  a l l e n e ,  e thylene ,  

n i t r i c  oxide,  carbonyl  sulphide and n i t r o s y l  c h l o r i d e  were inves t iga t ed ,  

It has been found t h a t  except  f o r  n i t r i c  oxide and e thylene ,  none o f  

t h e  above compounds shows v i s i b l e  chemiluminous r e a c t i o n s  with ozone, 

under t h e  p re sen t  experimental  condi t ion.  The i n t e n s i t y  of glow produced 

by n i t r i c  oxide and e thylene  vas very  feeble .  

o f  t h e  glow could not  be recorded. The c o l o r  of  t h e  glow produced by NO 

wi th  ozone i s  red and t h a t  of e thylene wi th  ozone is greyish  white.  

Therefore ,  t h e  s p e c t r a  

IVa FUTURE: PLANS 

With the two appara tus  constructed and s e v e r a l  compounds checked ou t ,  

t h e  next q u a r t e r  w i l l  see the  checking of a p r i o r i  es t imated opt imal  

compounds f o r  measuring a c t i v e  components of the upper atmosphere. The 

t h e o r e t i c a l  work vi11 continue. 
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Observed 
Pegk 
U X )  

6656 

6500 

63 28 
6141 

6006 

5863 

5772 

5590 

5538 

5434 

5369 
5252 

5153 

5036 
4906 

4742 

4703 

4633 

4508 

4339 

4 144 

4040 

3850 

3636 

3522 

Probable 
I d e n t i f i c a t i o n  

TABLE 2 

Re l a t  ivea Re l a  t ive* 
In t ens i ty  Intensity 

(Atomic Nitrogen) (Atonic Oxygen 
w i t h  Molecular 
Oxygen) 

0.5 

0.5 
1 
1 

1.5 

1.5 
2 

1.5 

2.5 

2 

1.5 
2 

2 

10 

1.5 

1.5 

7 

- 
5 - 

2 

I_ 

2 

3 

1.5 
10 

- 
1.5 

Re 1st ive* 

(Atomic Oxygen 
i n  Absence of 
Molecular 
Oxygen ) 

Intensity 

- 
1.5 

- 
2.5 

- 
4 
6 

- 
8 

7*5 
10 

- 
10 

c 
6.5 

7 

4 

5 

2.5 
1 

1 

The r e l a t i v e  i n t e n s i t y  given i n  columns 3-5 a r e  co r rec t  f o r  t he  same 
column only and can not compare with two d i f f e r e n t  columns. 

* 
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